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Experimental study on the single-layer plane cable net
with the influence of damages

SHI Gang' , ZUO Yongzhi®, ZHENG Jingjie’, HUO Da’
(1. Key Laboratory of Structural Engineering and Vibration of China Education Ministry, Tsinghua University,
Beijing 100084, China;
2. Beijing Building Construction Research Institute, Beijing 100039, China;
3. College of Architecture and Civil Engineering, Beijing University of Technology, Beijing 100124, China)

Abstract; During the service of single-layer plane cable net supported glass buildings, as the supporting structure the
single-layer plane cable net will inevitably be subjected to different types of damages. In order to study the influence of
such damages on the static behavior of the single-layer plane cable net, a full-scale model with the dimension of 4. 85m
x4.85m and 4 x4 grids was designed and constructed. Static tests were conducted after introducing three types of
damages including failure of connectors between horizontal and vertical cables, cable prestress loss and cable anchorage
failure. The results indicate that, failure of connectors between horizontal and vertical cables almost has no influence
on the static behavior of the single-layer plane cable net; the change of nodal displacements induced by the cable
prestress loss does not exceed 15% ; the cable anchorage failure affects the local part of the single-layer plane cable net
significantly, and the induced change of nodal displacements is between 18% and 36% ; damages have stronger effect
on nodal displacements than cable tension forces. The intensity of the influence of damages depends on the damage
degree and location, and decreases with the increase of load. The research results provide a sound foundation for
establishing the safety evaluating method of in-service single-layer plane cable net structures.
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Fig.3  Components of a single-layer plane cable net
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Table 2 Comparison of nodal displacements
between undamaged cable net and
cable net with connection failure
KW ek W2 REL TSR AR
W Dy /mm D, /mm D;/Dy D, /mm D,/Dy Dy /mm D;/D,
FIA 1 41.892 41.797 0.9977 41.789 0.9975 42.197 1.0073
T2 57.094 57.114 1.0004 56.880 0.9962 57.257 1.0028
TS 72.842 72.460 0.9948 72.559 0.9961 72.848 1.0001
A6 58.527 58.045 0.9918 58.067 0.9921 58.415 0.9981
T 7 48.961 48.688 0.9944 48.476 0.9901 48.946 0.9997
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Table 3 Comparison of the cable tension force
between undamaged cable net and
cable net with connection failure
KW SEhE A2 REL WS R RER SRR
WA Ty /N T, /N T,/Ty T,/N T,/T, Ty/N T3/T,
B2 2 18674 18586 0.9953 18698 1.0013 18762 1.0047
B3 16930 16932 1.0001 16880 0.9970 17076 1.0086
X1 16942 16939 0.9998 16966 1.0014 16875 0.9960
X222 18444 18468 1.0013 18418 0.9986 18426 0.9990

T Ty WO RRRSIRL Y, Ty Ty Ty i 2 545
A AN R SR Sy RS I Sa, 1 TR E 1
KT IR R A AL B, 45 R AT B (D AR
12KN B AR SE42 FIA BR 45 SR SCAT AT,

3.2 RHIWAL A%k

FI TR 745 2 %45 SO T AM RS, R ) 25

AN 55 T () 3 000 e 25 SR AN 3R 4 BT R, BRAR R T

N SR, TN 745 2K 2R 1 4571 s 08 T AN A%

AR AR R T At 5 5 A O BLRE A 5 N

ARG G S, 5 5T TR A A% 72 A 28 1 S

No TR 4 FTLIE S, YHEE 1 BN 14k 66% (1.

BUBEE 1 Pk 66% ) BF MR 1 ER5 sl (AR 1.2,

3) WIS M B8 AR Ak 3 B B T A Y o5 B 5

HER 1B AR IR 2 BT S (TS 4.5.6) %

B3 RS (15 7.8.9) YT AN RS ARk %

RS VNS Y S AR N L - = A T

MR R LA, &0 TO0 R, 1 s B AR

TRIGHE 15% LA,

60 -
50
E 40
B 30
& 90
10
0
0 200 400 600 800 1000 1200
8/ N
(a) a2
80 -
70
601
E s0]
- 40_
2 30 ~ SRR
% ~ W R2RH
— W ES KRR
101 —v— SR AR
0 T T . : - .
0 200 400 600 800 1000 1200
Tr#/ N
(b) 9555

P8 SIS MO S -1y 2 £

Fig. 8 Displacement-load curves of typical connections
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Table 4 Comparison of nodal displacement between undamaged cable net and cable net with prestress loss

W SEhr BERIBK3B%  BEERIBK6% ME2HAIBR BR2HK66% EIEERIL 3% BRI 66%
k#%& Dy/mm D, /mm D,/Dy D,/mm D,/D, D,/mm D,/D, D,/mm D,/D, Ds/mm Ds/D, Ds/mm Dy/D,
FAH 1 45.328 47.876  1.0562 50.569 1.1156 45.702 1.0083 46.356 1.0227 49.161 1.0846 50.047 1.1041
W2 53.813  56.328 1.0467 58.376 1.0848 54.189 1.0070 54.914 1.0205 57.678 1.0718 58.718 1.0912
W3 44.831 47.612 1.0620 49.726 1.1092 45.156 1.0073 45.716 1.0197 48.741 1.0872 50.272 1.1214
FAH4 56.725 57.938  1.0214 58.439 1.0302 58.741 1.0355 60.907 1.0737 61.044 1.0761 62.087 1.0954
FAHS5 69.909 71.411 1.0215 71.696 1.0256 70.707 1.0114 74.165 1.0609 74.829 1.0704 75.999 1.0871
W6 58.230 59.748 1.0261 59.941 1.0294 60.300 1.0356 62.909 1.0804 63.219 1.0857 62.571 1.0746
FHT 46.873  47.877 1.0214 47.645 1.0165 47.353 1.0103 47.939 1.0228 50.561 1.0787 52.002 1.1094
FH8 54.692 55.522  1.0152 55.386 1.0127 55.076 1.0070 55.894 1.0220 57.808 1.0570 58.798 1.0751
9 46.508 47.353 1.0182 47.113 1.0130 47.031 1.0112 47.693 1.0255 50.081 1.0768 52.445 1.1277

TE:Dy NSEFRFMI 1 S-S, D, D,

Dy D, Ds Dy 5383 1 HUN S5 33% MR 1 UM S FR 2K 66% % 2 WiRE f1i5

K 33% M 2 TR IIHK 66% RN 1K 33% SR TN 1K 66% I (1977 £ FHIM A, 15 S 45 IR Sa,
x5 ZWEENMMERMAOREAEMBRAALE

Table 5 Comparison of cable tension force between undamaged cable net and cable net with prestress loss
KM g BRIMKBE  BMRIMK 6% MR2MKBe HR2MK66% RABEREIL 3% 2ABERBL 66%
®#& T,,N T,/N T,/T, T,/N T,/T, T,/N T,/T, T,/N T,/T, Ts/N T/Ty, T,/N T/T,
X211 15.936  16.558 1.0390 16.710 1.0486 16.314 1.0238 16.610 1.0423 16.804 1.0545 17.179 1.0780
%222 17.602 18.100 1.0283 18.220 1.0351 17.816 1.0121 18.200 1.0339 18.428 1.0469 18.959 1.0771
%223 15.538 15.997 1.0295 16.158 1.0399 15.708 1.0109 15.980 1.0284 16.345 1.0519 16.327 1.0508
B 1 16.125 12.705 0.7879 9.042 0.5607 16.278 1.0095 16.413 1.0178 12.752 0.7908 9.050 0.5613
%2 18.281 18.690 1.0224 18.921 1.0350 14.900 0.8150 11.738 0.6421 15.426  0.8438 11.979 0.6552
BiZ&3 16.316 16.366 1.0031 16.404 1.0054 16.566 1.0153 16.678 1.0222 12.720 0.7796 9.193  0.5635
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Fig. 10  Displacement-load curves of typical connections
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Table 6 Comparison of nodal displacement between
undamaged cable net and cable net
with cable anchorage failure

RX SERF BEER 1 RImOR B2 2 R

IR Dy/mm D, /mm D;/D, D,/mm  D,/D,
RIS 45.328  59.340 1.3091  50.302 1. 1097
a2 53.813  63.643  1.1827  58.385 1. 0850
3 44.831  59.005 1.3162  49.455 1. 1031
a4 56.725 60.667 1.0695  75.190 1. 3255
s 69.909  72.680 1.0396  84.442 1.2079
FRie 58.230  61.803 1.0614  78.947 1.3558
T 46.873  47.178  1.0065  52.034 1. 1101
8 54.692  55.024 1.0061  59.537 1. 0886
9 46.508  45.361 0.9753  52.030 1.1187
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Fig. 11  Displacement-cable pretension force loss rate curves of typical connections
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Fig. 12 Displacement-load curves of typical connections
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Table 7 Comparison of cable tension forces between
undamaged cable net and cable net
with cable anchorage failure

RX S MR RWUR B 2 RN
WA T,/N  T,/N TJ/T, T,/N T,/T,

%21 15.936  17.455  1.0953  18.051  1.1327
222 17.602  18.481  1.0499  19.210  1.0914
23 15.538  16.664 1.0724  17.254  1.1104
Bi&1  16.125 — — 17.838  1.1062
MiZ2  18.281  19.518  1.0677 — —

M3 16.316  16.799  1.0296 17.834  1.0930
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